































the	 information	of	 the	recorded	data.	Therefore,	 it	 is	possible	 to	ensure	 that	one	of	 the	most	 important	problems	when	 it	comes	 to	monitoring	and	supervising	solar	energy	plants	 is	 the	communication	between
devices	due	to	the	different	types	used.	It	is	common	to	find	many	devices	of	different	types	and	manufacturers	who	use	different	ways	of	communication.	In	order	to	obtain	a	generic	system,	a	general	mechanism	is
needed	to	communicate	with	any	devices,	irrespective	of	their	characteristics	or	of	the	manufacturer.
To	 address	 these	 limitations,	 it	 has	 been	 proposed	 to	 use	 the	 OPC	 standard	 for	 monitoring	 PV	 systems	 (Martinez-Marchena	 et	 al.,	 2010,	 2014).	 OPC	 was	 originally	 based	 on	 OLE	 (Object	 Linking	 and
Embedding)	for	Process	Control	(Alan	Gordon,	2001;	Liu	et	al.,	2005).	However,	OPC	is	now	available	on	other	operating	systems.	It	is	a	standard	and	consistent	communication	system	for	exchanging	information	and
it	allows	defining	the	rules	of	handshaking	between	different	devices	using	the	client-server	paradigm;	this	system	has	been	used	in	industry	to	connect	supervisory	systems	and	data	acquisition	and	man-machine
interfaces	with	 the	physical	control	systems	 (Holley,	2004).	Moreover,	 it	 allows	 the	development	of	 components	 for	 interconnecting	disperse	 systems	providing	 interoperability	efficiently.	This	 technology	enables
software	components	developed	by	experts	in	one	sector	to	be	used	by	applications	in	any	other	sector.	The	design	of	OPC	interfaces	supports	distributed	architectures.
The	Data	access	OPC	and	Historical	Data	Access	specifications	are	compatible	with	client-server	and	publisher-subscriber	communication	models.	The	use	of	the	Distributed	Component	Object	Model	(DCOM)





























The	model	of	 the	PV	array	 is	mainly	based	on	 the	Sandia	PV	array	performance	model	 (SAPM)	King	et	al.,	2004.	This	model	 is	 an	empirical	model	described	by	 the	 fundamental	Eqs.	 (1)–(7).	The	model	 contains	 several
coefficients	and	parameters	that	are	unknown	and	not	provided	by	the	PV	module’s	manufacturer,	by	knowing	these	model	parameters	as	well	as	the	solar	radiation	and	the	PV	modules	operating	temperature,	the	output	power	of	the
PV	array	can	be	predicted	by	using	the	following	equations:
where	Ee	 is	 the	effective	 solar	 irradiance;	G	 is	 the	measured	 irradiance	 (W/m2);	Gn	 is	 the	 reference	 irradiance	 (1000	W/m2)	 at	 standard	 conditions	 (STC);	To	 is	 the	 reference	 cell	 temperature	 (25	°C)	 at	 STC;	 Tc	 is	 the	measured



























Silvestre	et	al.	defined	 two	 thresholds	 for	current,	TNRcfs,	and	voltage	 indicators,	TNRvbm,	 that	allow	detecting	most	 important	 faults	 in	grid	connected	PV	systems:	 short	 circuits	and	open	circuits	 in	 the	PV	array	 (Silvestre	et
al.,	2014)	as	well	as	inverter	disconnection	or	partial	shading	conditions	of	work	(Silvestre	et	al.,	2015).	These	thresholds	were	defined	by	the	following	equations:
where	α	and	β	 are	 the	 relationship	between	 the	 ratios	 of	 current	 in	 case	of	 one	 faulty	 string	and	 fault-free	operation	and	 the	 ratio	between	 the	 voltage	 ratios	 in	 case	of	 one	bypassed	PV	module	 in	 a	 string	of	 the	PV	array	and
fault-free	operation	respectively	(Silvestre	et	al.,	2014,	2015).
Both	parameters	depend	only	on	the	PV	array	configuration:	Number	of	PV	modules	connected	in	series	by	string,	Nsg,	and	number	of	strings	connected	in	parallel,	Npg.	In	case	of	permanent	faults	in	the	PV	array,	short	circuits
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is	 considered	 to	 start	 the	 fault	 detection	 evaluation	procedure.	 The	RMSE	 for	 current,	 voltage	 and	power	were	 evaluated	 after	 filtering	 the	data	 and	 run	 the	 simulations	 for	 irradiance	 values	 over	 the	 selected
threshold	of	200	W/m2.
Table	4	Obtained	RMSE	(%)	for	different	weather	conditions.
Days RMSE	current	(%) RMSE	voltage	(%) RMSE	power	(%)
Clear	sky	day	(G>=200) 0.635 1.229 0.677
Fig.	5	Simulated	and	measured	DC	output	voltage	corresponding	to	10th	of	December,	2014.
Fig.	6	Simulated	and	measured	DC	output	Power	corresponding	to	10th	of	December,	2014.
Semi	cloudy	day	(G>=200) 0.889 1.284 1.693
Cloudy	day	(G>=200) 2.573 3.591 3.397












Sub-generator	1 73.03 13.928 13.026
Sub-generator	2 66.96 13.683 12.797





































In	 this	work	a	procedure	 for	 remote	 supervision	and	diagnosis	 of	 grid	 connected	PV	 systems	by	means	of	OPC	monitoring	 is	presented.	Monitoring,	 supervision	and	 fault	 detection	of	 the	PV	 system	are
integrated	in	the	same	environment.
The	supervision	is	based	in	the	comparison	of	the	monitored	data	with	the	expected	evolution	of	the	output	current,	voltage	and	power	of	the	PV	system.	In	order	to	obtain	the	data	set	corresponding	to	the








































• An	empirical	model	 is	used	to	obtain	the	 evolution	of	main	PV	system	parameters.
• The	RMSE	 	obtained	 were	less	than	3.6%	for	all	parameters	even	in	cloudy	days.
• A	powerful	tool	for	remote	supervision	and	control	of	PV	 	systems	 	is	presented.
in	combination	with	parameter	extraction	techniques	 expected	
errors	between	real	monitored	data	and	results from	the	modelling	of	the	PV	array	
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Answer:	The	surnames	are	correct
Query:	Highlights	should	only	consist	of	85	characters	per	bullet	point,	including	spaces.	The	highlights	provided	are	too	long;	please	edit	them	to	meet	the	requirement.
Answer:	The	highlights	have	been	modified.
Query:	Please	note	that	the	reference	style	has	been	changed	from	a	Numbered	style	to	a	Name–date	style	as	per	the	journal	specifications.
Answer:	OK
